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HelmCoP 直系同源组之间的一致性水平。结果表明 20 个细菌物种模式菌株的共 72443
条蛋白质序列被分配到了该数据库的 9084 个直系同源组和 4702 个单一蛋白质序列上。







































Parasitism gene refers to a series of genes that play roles in the parasitic process and help 
parasites to complete their life cycle. Researches in parasitism gene have critical 
significances for revealing the origin of parasitism and the following evolutionary process 
and thus these researches are able to provide important evidences for the evolution of 
parasitic nematodes and even their choice of host species. Previous studies indicated that 
horizontal gene transfer, gene duplication and adaptation are three likely mechanisms causing 
the evolution and occurrence of parasitism genes. These mechanisms received many supports 
from results of multiple researches, and among them horizontal gene transfer (HGT) may 
play a very important role for the evolution of many parasitism genes. In this study, we used 
multiple research methods to study evolutionary histories of parasitism genes and how to 
select and identify these genes. 
Evolutionary history of parasitism gene is a hotspot in nematode research. We 
constructed 141 domain trees using PhyML , and identified parasitism genes were discovered 
on 79 trees of them. After observing these trees, two type of clues widespreadly found in trees, 
and they were closely related to evolutions of parasitism genes. One type of clues was 
obviously associated with gene duplication, whereas another type of clues was closely related 
to multiple evolutionary mechanisms leading to phylogenetic incongruences in domain trees, 
such as HGT, adaptation to host, and pre-adaptation described in pre-adaptation hypothesis. 
Moreover, we also discovered that occurrences some parasitism genes cannot be explained by 
currently known mechanisms. 
According to the aforementioned clues, we performed analysis of HGT-like phylogenetic 
incongruences and analysis of duplications & speciation sequentially using T-REX webserver 
and ETE toolkit respectively. The results showed that pre-adaptation may play more 
important role on the evolution of parasitism gene than duplication, and its contribution may 
be as critical as that of HGT. Furthermore, speciations may also affect the evolution of some 
parasitism genes. Meanwhile, we also found that a special free-living nematode, namely 
Pristionchus pacificus, could be a good model organism for many parasitic nematodes 
including root-knot nematodes. Parasitism genes in these species might be described through 
properties of Pristionchus pacificus genes. Similarly, Fruitfly Drosophila melanogaster was 
highlighted as well due to its close relationship with parasitism genes in flatworms. 
At the same time, we also performed a computational analysis of amino acids responsible 
for functional divergences of parasitism genes and homologs using DIVERGE software. The 
results indicated that three selection methods (Gu99, Gu2001, and TyII) supported by 
DIVERGE cannot detect general conversion pattern between parasitism genes and their 
normal homologs, and the analyses using these methods contained all known functional 
divergences between homologs. Moreover, conversion patterns of amino acid in more than 30 
columns were observed and recoded for the reason that they often play roles in functional 
divergences of homologs, but we still cannot find any general pattern. This result might 
contribute to method applicability in DIVERGE analysis, or could be determined by nature of 
function divergence between parasitism genes and other genes. 

















assigned bacterial sequences from 20 types strains of multiple species to orthologous groups 
and single sequences in OrthoMCL-DB by using a web tool in this database. We also 
evaluated the consistency level between groups in OrthoMCL-DB and groups in HelmCoP. 
The results illustrated that a total of 72443 sequences from 20 types stains were assigned to 
9084 groups and 4702 single sequences successfully in OrthoMCL-DB. Random sampling of 
common sequences also suggested that there is a quite high consistency level between groups 
of these two databases. 
Based on all results, we finally designed an evaluation algorithm of T-REX analysis 
results to evaluate and identify important events causing phylogenetic incongruence. 
Consequently, we managed to identify parasitism genes in 20 domain trees through this 
algorithm. As a result, most identifications were fairly correct. According to this algorithm, 
we also built a completed pipeline for selecting and identifying parasitism genes, so that we 
are able to select and identify many parasitism genes in results from HGT-like PIs analysis, 
and in turn to predict the likelihood of occurrences of these genes. According to the test 
results, approximately 60% to 70% of all parasitism genes can be identified from orthologous 
groups by using this analysis. This study might open a new prospect for application of 
bioinformatics methods in researches of parasitism genes. 
 




























寄生基因的候选基因陆续被辨识出来。在 2001 年至 2003 年期间，至少有 48 个基因被
认为是南方根结线虫（Meloidogyne incognita）寄生基因的候选基因[2,3]，而在 2003 年至





mRNA 和 cDNA 的分析，比如表达序列标签分析、高效液相色谱、二维聚丙烯酰胺凝








也推动了寄生基因研究的深入发展。例如，2005 年 Vanholme 和同事在鉴定甜菜胞囊线





















门站点。2007 年 Mitchum 等人汇总了以往研究在胞囊线虫和根瘤线虫中鉴定的寄生基
因[7]（表 1.1）。2008 年应喜娟对全部已知寄生基因整理并分成了 8 种主要类别[11]。这
些工作使人们对寄生基因有了比较全面的整体性的认识。 
 
表 1.1 胞囊线虫和根瘤线虫的寄生基因及数量 
Table 1.1 Cyst, root-knot nematode parasitism genes and their amounts 
类别 物种拉丁名 数量 类别 物种拉丁名 数量 
β-1,4-內切葡聚醣
酶 
Globodera rostochiensis 2 
纤维素结合结构域的
蛋白 
Meloigoyne incognita 1 
Globodera tabacum 2 Heterodera glycines 1 
Heterodera glycines 6 Heterodera schachtii 1 
Heterodera schachtii 2 多聚半乳糖醛酸酶 Meloigoyne incognita 1 
Meloigoyne incognita 3 细胞壁松弛蛋白 Globodera rostochiensis 1 
果胶裂解酶 
Globodera rostochiensis 1 β-1,4-内切木聚糖酶 Meloigoyne incognita 1 
Heterodera glycines 1 膜联蛋白 Heterodera glycines 1 
Heterodera schachtii 1 
几丁质酶 
Heterodera glycines 1 
Meloigoyne javanica 1 Heterodera schachtii 1 
Meloigoyne incognita 2 阿拉伯糖半乳聚糖内
切-1,4-β-半乳糖苷酶 
Heterodera schachtii 1 
分支酸变位酶 
Meloigoyne javanica 1 
Heterodera glycines 2 
信号肽 
Heterodera glycines 2 
Globodera pallida 1 Heterodera schachtii 2 
Meloigoyne incognita 2 Globodera rostochiensis 2 
RAN 结合蛋白 
Globodera rostochiensis 3 Meloigoyne incognita 1 
Globodera pallida 1 
泛素延伸蛋白 
Heterodera glycines 2 
Globodera mexicana 1 Heterodera schachtii 2 
富含半胱氨酸的
小分子蛋白 
Heterodera glycines 1 其它泛素化途径组分 Heterodera glycines 2 
无毒蛋白 Globodera pallida 1 钙网蛋白 Meloigoyne incognita 1 
类毒液过敏原蛋
白 
Heterodera glycines 2 磷酸酶 Meloigoyne incognita 1 
Heterodera schachtii 2 
 
Meloigoyne incognita 1 
资料来源：Mitchum 等 Application of biotechnology to understand pathogenesis in nematode plant pathogens. In: 










































[14]。文献中报导的寄生基因名称如细胞壁水解酶基因 Gr-Eng-1 等都遵循着这种规则 。
在本论文中，为了便于分析，寄生基因名和其它基因名沿用了其编码蛋白质异形体的名
称，都是经过对 HelmCoP 数据库基因编码蛋白质异形体（isoform）名称的适当修改后




















是根据 HelmCoP 数据库的 John Martin 提供的名称转换表进行的，用基因位点名称表示。 
在名称中，随后由阿拉伯数字单独组成的字符串或者由阿拉伯数字、拉丁字母和下
划线组成的字符串代表此基因独有的识别名称。全部 18 种 HelmCoP 物种的基因编码异
形体名称按如表 1.2 例子所示的规则进行修改。 
 
表 1.2 全部 18 种 HelmCoP 物种的基因名称修改示例 
Table 1.2 Modification examples of gene names of all 18 HelmCoP species 



























No common name 
CBG22411 CBG22411 
Caenorhabditis japonica 
无中文名、No common name 
CJA17340 CJA17340 
Caenorhabditis remanei 
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